General. All reactions were carried out in oven dried glassware under an atmosphere of argon or nitrogen. For flash chromatography technical grade solvents were used, which were distilled prior to use. Solvents for reactions were analytical grade purchased from Merck or Baker and used without further purifications except for THF and Et 2 O, which were passed through two 4 x 36 inch columns of anhydrous neutral A-2 alumina (8 x 14 mesh; Macherey und Nagel; activated under a flow of N 2 at 300º over night) to remove water. All chemicals were purchased from Acros, Aldrich, Fluka, Merck or Lancaster and used as such unless stated otherwise.
Chromatographic purification was performed as flash chromatography using Brunschwig silica 32-63, 60Å, using pentanes/diethylether or hexanes/ethyl acetate as eluent with 0.3-0.5 bar pressure.
TLC was performed on Merck silica gel 60 F 254 TLC glass plates and visualized with UV light and permanganate stain.
Melting points were measured on a Büchi 510 melting point apparatus using open glass capillaries, the data is uncorrected. 1 H-NMR spectra were recorded on a VARIAN Mercury 300 MHz spectrometer in chloroform-d, all signals are reported in ppm with the internal chloroform signal at 7.26 ppm. The data is being reported as (s = singlet, d = doublet, t = triplet, q = quadruplet, m = multiplet or unresolved, br = broad signal, coupling constant(s) in Hz, integration; interpretation).
13 C-NMR spectra were recorded with 1 H-decoupling on a VARIAN Mercury 75 MHz spectrometer in chloroform-d, all signals are reported in ppm with the internal chloroform signal at 77.0 ppm as standard.
Many NMR measurements were done at 52 °C to minimize signal broadening due to rotamers mixture (temperature given).
Infrared spectra were recorded on a Perkin Elmer Spectrum RX-I FT-IR spectrophotometer as thin films unless stated otherwise and are reported as cm -1 (w=weak, m=medium, s=strong, sh=shoulder).
Mass spectrometric measurements were performed by the mass spectrometry service of the LOC at the ETHZ on a Finnigan TSQ 7000 ESI spectrometer for low resolution measurements and on an IONSPEC Ultima ESI-FT-ICR spectrometer at 4.7 Tesla for high resolution measurements, unless stated otherwise.
Elemental analysis was performed by the Mikroelementaranalytisches Laboratorium der ETHZ. Samples for elemental analysis were further purified through column chromatography or recrystallization. bubbling) ) was then added, whereas a yellow solid immediately precipitated. The solid was filtred under nitrogen, washed with methanol/water 2:1 (20 ml) and dried 15 h in HV over P 2 O 5 , whereas a color change to olive green was observed, which shows a partial convertion to Mn(dpm) 3 . The obtained olive green product (685 mg, 1.6 mmol, 70%) was used without further purification
Procedure B:
2,2,4,4-Tetramethylhept-3,5-dione (1.3 ml, 6.1 mmol, 3.0 equiv) was added to a solution of manganese(II)diacetate tetrahydrate (500 mg, 2.0 mmol, 1.0 equiv) in methanol (4.5 ml) under air and the resulting yellow-green solution was stirred at 23 °C. A solution of sodium hydroxide (245 mg, 6.1 mmol, 3.0 eq) in water (1.25 ml, deionized) was then added, whereas a green solid immediately precipitated. After diluting with 5.5 ml methanol, the reaction mixture was stirred at 23 °C under air for 13 h and filtered. The green-brown solid was dried in HV at 60° C for 4 h and dissolved in hot isopropanol (15 ml). Mn(dpm) 3 (1) precipitated partially upon cooling, the precipitation was completed by adding water (3 ml) and the suspension was filtered. The resulting solid was suspended in pentane (10 ml) and the resulting suspension was filtered, allowing to remove some brown-red impurities. The pentane was removed under reduced pressure and the resulting olive green solid was dried under HV for 12 h to give Mn(dpm) 3 Salicylaldehyde (1.1 ml, 10 mmol, 2.0 equiv) and 2-aminoisobutyric acid (1.0 g, 10 mmol, 2.0 equiv) were added to a solution of sodium hydroxide (0.21 g, 5.0 mmol, 1.0 equiv) in ethanol (10 ml) at 23 °C under N 2 . The resulting thick yellow suspension was cooled to 0 °C and Cobalt(II) nitrate hexahydrate (1.5 g, 5.0 mmol, 1.0 equiv ) was added as a cold (0°C) solution in ethanol (10 ml) and the suspension turned to orange. After stirring 15 min at 0°C, hydrogen peroxide (35%, 7 ml) was added dropwise over 20 min, whereas the reaction mixture immediately turned dark red under gas evolution. The reaction mixture was further stirred at 0°C for 2 h and then warmed to 23 °C over 3 h. The resulting nearly clear dark red solution was filtered, the solvent was removed under reduced pressure and the residues co-evaporated with methanol (2x) and CH 2 Cl 2 (2x). The resulting dark red-brown residues were suspended in Et 2 O, triturated for 1 h and filtered, the obtained fine dark red-brown powder was dried in HV at 70 °C for 12 h to give the active catalyst 5 (2.04 g, 4.14 mmol, 83%).
S5
The obtained compound 5 was established to be a mixture by NMR analysis and elemental analysis. Further repeated attempts to purify it via column chromatography or recrystallization were unsuccessful, but high resolution mass spectra confirmed the proposed constitution of 5. The catalyst was used without further purifications and several batches furnished reproducible results. No lost of activity was observed after several months when the compound was kept in dessicator at 23 °C.
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The cobalt catalyst 5 (12 mg, 0.025 mmol 0.05 equiv) was dissolved in ethanol (2.5 ml) at 23 °C under N 2 . β-methylstyrene (65 µl, 0.50 mmol, 1.0 equiv) and phenylsilane (65 µl, 0.52 mmol, 1.0 equiv) were added to the brown-red solution, followed by di-tert-butyl azodicarboxylate (170 mg, 0.75 mmol, 1.5 equiv) in one portion. The resulting solution was stirred at 23 °C and monitored by TLC (AcOEt/hexane 1:5). After completion (3 h) the reaction was quenched with H 2 O (1 ml), brine (5 ml) was added and the reaction mixture was extracted with AcOEt (3x10 ml). The combined organic layers were dried over Na 2 SO 4 , filtered and the solvents were removed under reduced pressure. The isolated product was purified by FC (AcOEt/hexane 1:10) to afford 6 (154 mg, 0.440 mmol, 88%) as a colorless solid.
General Procedure B: Manganese catalyst
Mn(dpm) 3 (1) (6 mg, 0.01 mmol 0.02 equiv) was dissolved in isopropanol (2.5 ml) at 23 °C under N 2 and the dark brown green solution was cooled to 0 °C. β-methyl-styrene (65 µl, 0.50 mmol, 1.0 equiv) and phenylsilane (65 µl, 0.52 mmol, 1.0 equiv) were added, followed by di-tert-butyl azodicarboxylate (170 mg, 0.75 mmol, 1.5 equiv) in one portion. The resulting suspension was stirred at 0 °C and monitored by TLC (AcOEt/hexane 1:5). After completion (2-4 h, color change to yellow) the reaction was quenched with H 2 O (1 ml), brine (5 ml) was added and the reaction mixture was extracted with AcOEt (3x10 ml). The combined organic layers were dried over Na 2 SO 4 , filtered and the solvents were removed under reduced pressure. The isolated product was purified by FC (AcOEt/hexane 1:10) to afford 6 (165 mg, 0.471 mmol, 94%) as a colorless solid. 
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N-(3-Phenyl-1-methyl-propyl)-N'-(tert-butoxycarbonyl)-hydrazinecarboxylic acid tert-butyl ester (7)
BocNHNBoc Ph
Following general procedure A: 7 (163 mg, 0.448 mmol, 90 %) was obtained as a colorless solid with 4-phenyl butene (75 µl, 0.50 mmol, 1.0 equiv) in 4 h with 5 mol% catalyst after purification by FC (AcOEt/hexane 1:10).
Scale up:
The cobalt catalyst 5 (60 mg, 0.12 mmol, 0.025 equiv) was dissolved in ethanol (20 ml) at 23 °C under N 2 .
4-phenylbutene (675 mg, 0.510 mmol 1.0 equiv) and phenylsilane (0.65 ml, 5.2 mmol, 1.0 equiv) were added to the brown-red solution, followed by di-tert-butyl azodicarboxylate (1.72 g, 7.47 mmol, 1.5 equiv) portionswise. The resulting solution was stirred at 23 °C and monitored by TLC (AcOEt/hexane 1:5). After completion (5 h) the reaction mixture was concentrated under reduced pressure to about 3 ml, quenched with H 2 O (3 ml), brine (20 ml) was added and the reaction mixture was extracted with AcOEt (3x50 ml). The combined organic layers were dried over Na 2 SO 4 , filtered and the solvents were removed under reduced pressure. The isolated product was purified by FC (AcOEt/hexane 1:10) to afford 7 (1.75 g, 4.80 mmol, 94 % ) as a colorless solid together with recovered 4-phenyl butene (38 mg, 0.28 mmol, 5 %).
Following general procedure B: 7 (140 mg, 0.38 mmol, 76 %) together with the primary hydrazide 8 (34 mg, 0.093 mmol, 18%, total 94%) were obtained as colorless solids with 4-phenyl-butene (75 µl, 0.50 mmol, 1.0 eq) in 2.5 h with 2 mol% catalyst after purification by FC (AcOEt/hexane 1:10).
Using PMHS: 7 (140 mg, 0.38 mmol, 76 %) together with the primary hydrazide 8 (22 mg, 0.060 mmol, 12%, total 88%) were obtained as colorless solids with 4-phenyl-butene (75 µl, 0.50 mmol, 1.0 eq) in 12 h at 23 °C with 2 mol% catalyst after purification by FC (AcOEt/hexane 1:10). N-(3-Hydroxy-1-methyl-propyl)-N'-(tert-butoxycarbonyl) N-(2-Hydroxy-1-ethyl-ethyl)-N'-(tert-butoxycarbonyl) N-(1-ethyl-propyl)-N'-(tert-butoxycarbonyl) 
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